Time-resolved spectra during the cooling phase of thermonuclear X-ray bursts in lowmass X-ray binaries (LMXBs) can be used to measure the radii and masses of neutron stars. We analyzed ∼ 300 bursts of the LMXB 4U 1636-53 using data from the Rossi X-ray Timing Explorer. We divided the bursts in three groups, photospheric radius expansion (PRE), hard non-PRE and soft non-PRE bursts, based on the properties of the bursts and the state of the source at the time of the burst. For the three types of bursts, we found that the average relation between the bolometric flux and the temperature during the cooling phase of the bursts is significantly different from the canonical F ∝ T 4 relation that is expected if the apparent emitting area on the surface of the neutron star remains constant as the flux decreases during the decay of the bursts. We also found that a single power law cannot fit the average flux-temperature relation for any of the three types of bursts, and that the flux-temperature relation for the three types of bursts is significantly different. Finally, for the three types of bursts, the temperature distribution at different flux levels during the decay of the bursts is significantly different. From the above we conclude that hard non-PRE bursts ignite in a hydrogen-rich atmosphere, whereas for soft non-PRE and PRE bursts the fuel is helium-rich. We further conclude that the metal abundance in the neutron star atmosphere decreases as the bursts decay, probably because the heavy elements sink faster in the atmosphere than H and He.
INTRODUCTION
Thermonuclear, type-I, X-ray bursts are due to unstable burning of H and He on the surface of accreting neutron stars in low-mass X-ray binaries (LMXBs). During these bursts, the observed X-ray intensity first sharply increases, typically by a factor of ∼ 10 in about 0.5−5 seconds, and after that it decreases more or less exponentially within 10−100 seconds (e.g., Lewin et al. 1993; Strohmayer & Bildsten 2006; Galloway et al. 2008) . The total energy emitted by an Xray burst is typically ∼ 10 39 ergs. Some X-ray bursts are strong enough to lift up the outer layers of the star. During these so-called photospheric radius expansion (PRE) bursts (Basinska et al. 1984) , the radiation flux that emerges from the stellar surface is limited by the Eddington flux. The neutron-star surface origin is supported by the fact that the inferred emission area during a burst matches the expected surface area of a neutron star, assuming that the thermonuclear flash expands to cover the entire star during ⋆ E-mail: zhang@astro.rug.nl the radius expansion and cooling phases of the burst. The emission area can be estimated from the fitting of the energy spectra during the cooling tails of bursts. There are a number of theoretical and observational arguments that support this assumption (see, e.g. Fryxell & Woosley 1982; Bildsten 1995; Spitkovsky et al. 2002; Strohmayer & Bildsten 2006) .
One of the best studied sources of X-ray bursts is the LMXB 4U 1636-53. Also known as V801 Ara, 4U 1636-53 was discovered with OSO-8 (Swank et al. 1976) , and was subsequently studied in great detail using observations with SAS-3, Hakucho, Tenma, and EXOSAT (see Lewin et al. 1987 , for a review). The orbital period of this binary system is 3.8 hr (van Paradijs et al. 1990) , and the spin period of the neutron star is 581 Hz (Strohmayer et al. 1998a,b) . Using EXOSAT, Damen et al. (1989) detected 60 bursts from this source between 1983 and 1986; from observations with the Rossi X-ray Timing Explorer (RXTE), 172 bursts were detected up to 2007 June 3 ( Galloway et al. 2008) , and more than 250 bursts including data taken after that date (Zhang et al. 2009 ). Most of these X-ray bursts have standard, single-peaked, fast rising and expo-nentially decaying light curves. Some single-peaked bursts show photospheric radius expansion, while a few other bursts from 4U 1636-53 show multi-peaked light curves, although these are not PRE bursts (Maurer & Watts 2008; Bhattacharyya & Strohmayer 2006a; Zhang et al. 2009) .
In this paper, we compare the temperature and emission-area distributions in PRE non-PRE and doublepeaked bursts during their cooling phase.
OBSERVATION AND DATA ANALYSIS
We analyzed all data available from the RXTE Proportional Counter Array (PCA) of 4U 1636-53 as of May 2010. The PCA consists of an array of five collimated proportional counter units (PCUs) operating in the 2−60 keV range. We produced 1-s light curves from the Standard1 data (0.125-s time resolution with no energy resolution) and searched for X-ray bursts in the light curves. We used the 16-s timeresolution Standard-2 data to calculate X-ray colours of the source, as described in Zhang et al. (2009) . Hard and soft colours are defined as the 9.7 − 16.0/6.0 − 9.7 keV and 3.5 − 6.0/2.0 − 3.5 keV count rate ratios, respectively, and intensity as the 2.0 − 16.0 keV count rate. The colour-colour diagram (CD) of all observations of 4U 1636-53 is shown in Figure 1 . The position of the source on the diagram is parameterized by the length of the solid curve Sa (see, e.g. Méndez et al. 1999) . The Sa length is normalized to the distance between Sa = 1 at the top right vertex, and Sa = 2 at the bottom left vertex of the CD. Similar to the Sz length in Z sources (Vrtilek et al. 1990) , Sa is considered to be a function of mass accretion rate (Hasinger & van der Klis 1989) .
In order to study the bursts in detail, we analyzed the PCA Event data, E 125us 64M 0 1s, in which each individual photon is time tagged at a ∼ 122 µs time resolution in 64 energy channels between 2 − 60 keV. We used all PCUs that were operating at the time of the X-ray burst to produce 0.5-s resolution light curves in the full PCA band. For the timeresolved spectral analysis of the bursts we extracted spectra in 64 channels every 0.5 s from the Event data of all available PCUs. We corrected each spectrum for dead time using the methods supplied by the RXTE team. We generated the instrument response matrix files for each observation, and we fitted the spectra using XSPEC version 12.4.0. Because of the short exposure, in this case the statistical errors dominate, and therefore we did not add any systematic error to the spectra. We restricted the spectral fits to the energy range 3.0 − 20.0 keV. For each burst we extracted the spectrum from the persistent data just before (or after) the burst to use as background in our fits; this approach, used to obtain the net emission of a burst, is well established as a standard procedure in X-ray burst analysis (e.g. Kuulkers et al. 2002) . We fitted the time-resolved net burst spectra with a single-temperature blackbody model (bbodyrad in XSPEC), as generally burst spectra are well fitted by a blackbody. During the fitting, we kept the hydrogen column density NH fixed at 0.36 × 10 22 cm −2 (Pandel et al. 2008) , and to calculate the radius of the emitting area in km, we assumed a distance of 5.95 kpc (Fiocchi et al. 2006) . The model provides the blackbody colour temperature (T bb ) and a normalization proportional to the square of the blackbody radius (R bb ) of the burst emission surface, and allows us to estimate the bolometric flux as a function of time.
We note that this procedure fails if the blackbody emission during the burst comes from the same source that produces the blackbody emission seen in the persistent emission, since the difference between two blackbody spectra is not a blackbody (van Paradijs & Lewin 1986 ). This effect is significant only when the net burst emission is small, and therefore problems may arise only at the start and tail of the burst, when the net burst emission is comparable to the underlying persistent emission (see the discussion in Kuulkers et al. 2002) .
To test whether fitting the net spectrum of the bursts affects our results, we proceeded as follows: For a subsample of the bursts we fitted the persistent spectrum just before each burst with a blackbody and a power law. During the burst, we fixed the power-law index and normalization to the value of the persistent emission, and let the blackbody parameters to vary. Using this procedure we found results that are consistent with the ones we found using the standard method therefore, in the rest of the paper, we used the results we obtained using the standard method
We defined the cooling phase for different types of bursts observed in 4U 1636-53 as follows: The cooling phase of non-PRE single-peaked and PRE bursts starts from the moment that the fitted blackbody temperature starts to decrease until the end of the burst, defined as the time when the burst flux is within 3 σ of the pre-burst persistent emission. For double-peaked bursts we used two different definitions of the cooling phase, one that starts from the moment the blackbody temperature starts to decrease after the first peak of the burst until the end of the burst, and the other one from the moment the blackbody temperature starts to decrease after the second peak of the burst until the end of the burst. We did not consider the triple-peaked burst reported in Zhang et al. (2009) 3 RESULT 3.1 Temperature distribution during the cooling phase of X-ray bursts
In order to understand the cooling tails of PRE, singlepeaked no-PRE, and double-peaked bursts, we fitted the time-resolved spectra with an absorbed blackbody and compared the fitting parameters. From the CD in Figure 1 and hardness-intensity diagram (HID) in Figure 2 , we found that all the PRE bursts and double-peaked bursts have a hard colour smaller than 0.85 (see also Muno et al. 2004; Zhang et al. 2009 ). We therefore divided the bursts in four groups based on their persistent hard colour and their timeresolved spectrum (see Figures 1 and 2 ): (i) Hard non-PRE bursts; these are single-peaked non-PRE bursts that took place when the persistent hard colour of the source was larger than 0.85. (ii) Soft non-PRE bursts; these are singlepeaked non-PRE bursts that took place when the persistent hard colour of the source was smaller than 0.85. (iii), PRE bursts; (iv) Double-peaked bursts.
In Figure 3 , we investigate the relation between the bolometric flux and the color temperature during the cooling phase of the bursts using 0.5 s bins (see section 2). In this so-called flux-temperature (FT) diagram we also show lines of constant inferred radius, calculated from F/(σT 4 ). The top panels (a) and (b) of Figure 3 show the cooling phase of non-PRE bursts and PRE bursts, respectively; the bottom panels (c) and (d) show the cooling phase of double-peaked bursts after the first and second peak, respectively. In order to compare different types of bursts at the same source state, in panel (a) of Figure 3 we only plot the soft non-PRE bursts. At the beginning of the cooling phase (upper left part of the panels), both PRE and soft non-PRE bursts appear to have similar colour temperature. However, at the end of the cooling phase (lower-right part of the panels) the soft non-PRE bursts appear to have a larger spread of temperatures than the PRE bursts. Comparing the two bottom panels in Figure 3 , we notice that there are some points at high flux level but below the 8-km radius red line in panel (c) that are not present in panel (d) . These points are the ones between the two peaks in double-peaked bursts. After the second peak, in double-peaked bursts most of the points appear above the red line.
In order to study the distribution of temperatures in the cooling phase of the bursts quantitatively, we divided the data of Figure 3 in four different groups based on flux levels. Panels (a) to (d) in Figure 4 show the distribution of the colour temperature during the cooling phase of hard non-PRE bursts (black), soft non-PRE bursts (red), PRE bursts (green) and double-peaked bursts after the second peak (blue), at different flux levels. In Table 1 we give the average and standard deviation of the distribution of temperatures for each flux level. We find that, as the bolometric flux decreases in the cooling tail, the average temperature of the hard non-PRE bursts becomes significantly higher than that of the soft non-PRE bursts. We also find that, as the flux decreases, the average temperature of soft no-PRE bursts becomes significantly higher than that of PRE bursts and double-peaked bursts. At higher flux levels, the PRE bursts dominate the sample.
We carried out a Kolmogorov-Smirnov (KS) test to assess whether any two distributions are consistent with being the same. The results of the KS tests are shown in Table  2 . We find that, except at the highest flux level, it is unlikely that any two sample distributions in Figure 4 come from the same parent population. We note that there are only eleven double-peaked bursts in our sample and therefore the KS-test results are less reliable when we compare other samples to this type of bursts. Since it is apparent that the average temperature of different types of bursts is different (Table 1) , we repeated the KS test after we first aligned all distributions such that they all have the same average temperature. The new KS-test results are shown in Table 3 . As expected, after aligning the distributions, the probabilities of the KS test increased. But at low flux level, the probability that two samples come from the same parent population remains small. This indicates that in these cases, not only the average, but also the shape of the distributions is different.
Flux-Temperature relation during the cooling phase of X-ray bursts
The evolution of the bolometric flux and the blackbody temperature during the cooling tails of all X-ray bursts in our sample appear to follow a power-law relation. We fitted a power law, F b = αT γ bb , to the data for PRE, soft non-PRE and hard non-PRE bursts, separately, where F b is the bolometric flux, T bb is the blackbody colour temperature, α is the normalization and γ is the power-law index.
For all type of burst, we first selected data with
> 2, where δF b is the error of the bolometric flux, and we rebined the data by a factor 10 (we also tried 
, and all data, and fitted each group separately. The best fitting results are shown in Table  4 , and the fits are shown in Figure 5 .
A power law fits well the data with flux larger than 1 × 10 −8 erg cm −2 s −1 for all type of bursts, but a power law does not fit all the data (without flux selection) for any of the three types of bursts (see Table 4 ). We also found that: (i) During the cooling phase, the X-ray bursts of 4U 1636-53 do not follow the expected F b ∝ T 4 bb relation; (ii) within the same type of bursts, the power-law index changes significantly as the flux increases; (iii) within the same flux selection, the power-law index of hard non-PRE bursts is significantly higher than that of PRE and soft non-PRE bursts (except at the highest flux level where the fitting errors are large due to the limited data). Given that L b = αT γ bb , this means that for a fixed flux level, hard non-PRE bursts have higher T bb than PRE and soft non-PRE bursts as the neutron star cools down or, for a fixed T bb during the cooling phase, the apparent emitting area of PRE and soft non-PRE bursts is larger than that of hard non-PRE bursts. Figure 4 . The distributions of colour temperatures during the cooling phase for hard non-PRE bursts (blue), soft non-PRE bursts (red), PRE bursts (black) and double-peaked bursts after the second peak (green), respectively. Each panel is for a different flux range, as indicated. hard non-PRE vs PRE 0 0 6.2 × 10 −9 9.8 × 10 −1 soft non-PRE vs double-peaked 0 4.7 × 10 −12 2.9 × 10 −2 6.1 × 10 −1 PRE vs double-peaked 1.1 × 10 −7 3.2 × 10 −5 3.9 × 10 −2 3.5 × 10 −1
Photospheric radius expansion bursts
The PRE bursts concentrate on a narrow range of hard colours in the CD and HID, but they span a large range of soft colours in the CD, and a large range of intensity in the HID. We therefore divided the PRE bursts in two groups according to the position of the source in the CD and HID at the time the bursts started, one group with Sa < 2.1 (low-Sa PRE bursts) and the other with Sa > 2.1 (high-Sa PRE bursts; see the solid bar in Figure 1 ). We also divided the PRE bursts in two groups according to the intensity of the persistent emission of the source at the time the burst started (see Figure 2) : the faint PRE burst, with an intensity lower than 0.12 Crabs, and the bright PRE burst, with an intensity higher than 0.12 Crabs. In panel (a) of Figure  6 we show the distribution of colour temperature during the cooling phase of bright PRE (black) and faint PRE bursts (red), and for low-Sa PRE (red) and high-Sa PRE bursts (black) in panel (b) of Figure 6 ; in both panel we selected only data with flux less than 1 × 10 −8 erg cm −2 s −1 . The KS test for these two groups for all flux levels, is shown in Table  5 . The KS test still gives small probabilities at the lowest flux level; at other flux levels the samples are consistent with coming from the same parent populations. hard non-PRE vs PRE 5.8 × 10 −11 1.6 × 10 −2 1.9 × 10 −3 9.5 × 10 −1 soft non-PRE vs double-peaked 7.8 × 10 −1 5.9 × 10 −1 1.3 × 10 −2 7.9 × 10 −1 PRE vs double-peaked 1.8 × 10 −2 7.8 × 10 −1 4.5 × 10 −2 8.3 × 10 −1 Table 4 . Power-law fit for different types of bursts in the flux-temperature diagram. In the table, α and γ are the normalization and the index of the best-fitting power law.
Flux range all > 1.0 > 2.0 Figure 5 . The flux-temperature diagram of PRE (top panels), soft non-PRE (middle panels) and hard non-PRE bursts (bottom panels). From left to right the panels show, respectively, all data, data where the flux was larger than 1 × 10 −8 erg cm −2 s −1 , and data where the flux was larger than 2 × 10 −8 erg cm −2 s −1 . The best-fitting power law for each selection is shown with the red lines. Table 5 . KS test probabilities for low Sa (< 2.1) and high Sa (> 2.1) PRE bursts, and bright (I > 0.12 Crab) and faint (I < 0.12 Crab) PRE bursts. 
DISCUSSION
During their cooling phase, the X-ray bursts in 4U 1636-53 do not follow the bolometric flux-temperature relation
bb , which would be expected if the apparent emitting area on the neutron star remained constant during this phase. The relation between bolometric flux and temperature is significantly different between photospheric (PRE) and non-photospheric (non-PRE) bursts, as well as between non-PRE bursts that happen when the source is in the hard state (hard non-PRE bursts) and the soft state (soft non-PRE bursts). We also found that the temperature distribution at different flux levels during the cooling phase is significantly different between PRE, hard non-PRE and soft non-PRE bursts. This is consistent with the fact that different types of bursts have different power-law indices in the flux-temperature diagram.
This result (see also Gottwald et al. 1986; Bhattacharyya et al. 2010; Suleimanov et al. 2010 ) is at variance with the findings of Güver et al. (2010) , who studied three PRE bursts in another source, 4U 1820-30, and found that these PRE bursts follow the F b ∝ T 4 bb relation quite well. Güver et al. (2010) , however, did not consider two other PRE bursts in this source because the cooling phase of these two bursts showed a complex behaviour, in which the emitting neutron-star area appeared not to be constant. Here we studied 65 PRE bursts and 223 non-PRE bursts (out of which 94 and 129 were, respectively, hard non-PRE and soft non-PRE bursts), and we did not discard any burst in our sample. While some of the individual bursts in 4U 1636-53 could lay close to the F b ∝ T 4 bb relation (see Fig. 3 ), several others deviate significantly from that relation, and on average the relation is significantly different from F b ∝ T 4 bb for any type of burst in our sample. The discrepancy between our results and those of Güver et al. (2010) could be due to differences between the two sources: 4U 1820-30 is an ultracompact binary, with an orbital period of 685s, in which the neutron star accretes He from the companion (Stella et al. 1987; Cumming 2003) , whereas 4U 1636-53 has a longer orbital period (3.8 hours; see §1), and the accreted material is mostly hydrogen. It is also possible that the results of Güver et al. (2010) are biased by the small number of bursts they used, three PRE bursts in their case compared to 65 in our case, or by the fact that they ignored two of the PRE bursts in 4U 1820-30 for their analysis.
Time-resolved spectra in the cooling phase of thermonuclear X-ray bursts can be used to measure the radii and masses of neutron stars. The net spectra of the thermonuclear X-ray bursts are usually well described by a blackbody spectrum (Strohmayer & Bildsten 2006; Galloway et al. 2008) , which allows us to obtain R bb , T bb , the blackbody radius and colour temperature, respectively, from which we can calculate the bolometric flux of the neutron star. The departure from the F b ∝ T et al. 2004) : fc = T bb /T eff = R∞/R bb , where R∞ is the neutron-star radius observed at infinity.
Madej
If fc remains constant throughout the cooling phase of all X-ray bursts, the differences of R bb should due to the changes of the emission area on the neutron-star surface. From Figure 5 and Table 4 , it is apparent that the emission area in hard non-PRE bursts is smaller than in PRE bursts and soft non-PRE bursts, and that at the end of the cooling phase, the emitting area decreases faster in hard non-PRE bursts than in the other types of bursts. Gottwald et al. (1986) also found that in EXO 0748-676 the average R bb in the cooling phase increases as the persistent flux increases (see also Bildsten 1995) . If for hard non-PRE bursts only a fraction of the surface of the neutron star is emitting during the cooling phase, and the size of the emitting area decreases as the burst decays, one would expect to see burst oscillations in the cooling tail of hard non-PRE bursts. However, most bursts with oscillations in 4U 1636-53 occur when the source is in the soft state (Muno et al. 2004) .
Alternatively, if R∞ should remain constant throughout the cooling phase of all the bursts, variations in R bb can only be due to changes of fc. We can write the colour-correction factor as:
where d is the distance to the source, R is the neutronstar radius, z is the gravitational redshift, and σ is the Stefan-Boltzmann constant. In Figure 7 we plot fc as a function of the neutron-star luminosity in Eddington units. For this plot we assumed R = 9 km, (1 + z) = 1.35, d = 6.0 Kpc, and we used equation (1) and the same data (T bb and R bb ) as in section 3.2. To calculate the fluxes in Eddington units,
, for PRE and soft non-PRE bursts we used the average peak flux of PRE bursts as the Eddington flux, F Edd . Assuming that PRE and soft non-PRE bursts are He bursts, and hard non-PRE bursts are H bursts, for the hard non-PRE bursts we took 59% of the Eddington flux that we used in PRE bursts (assuming a hydrogen mass fraction, X = 0.7). Figure 7 shows that, as the luminosity increases, the colour-correction factor of PRE and soft non-PRE bursts first decreases, then increases, and finally remains more or less constant. For hard non-PRE bursts the colourcorrection factor first decreases, and then remains more or less constant as the luminosity increases. At the same luminosity level, fc in PRE and soft non-PRE bursts is smaller than in hard non-PRE bursts, while fc is consistent with being the same in PRE and soft non-PRE bursts. The data in Figure 7 agree qualitatively with the predictions of the model of Suleimanov et al. (2010) (see their Figure 2 ), if we assume that during the cooling phase of hard non-PRE bursts the neutron-star atmosphere is H rich, whereas for PRE and soft non-PRE bursts the atmosphere is He rich. At high luminosity levels, the data show that fc stays constant, and does not increase as quickly as predicted by the model. We speculate that during the early phases of the cooling phase of all bursts, there is an enhanced abundance of heavy elements in the neutron-star atmosphere that were produced during the thermonuclear flash, and this effect is stronger in the PRE and soft non-PRE bursts where dredge up of ashes is more effective (Weinberg et al. 2005) ; as the neutron-star cools down, the heavy elements settle down faster than H and He, and therefore the heavy-element abundance in the neutron-star atmosphere decreases as the burst decays. This is reported by the models of Suleimanov et al. (2010) , in which fc decreases as the high-element abundance in the neutron-star atmosphere increases. (The same is true for the model of Güver et al. 2010) It is then possible that the difference at high luminosity between the data and the models of Suleimanov et al. (2010) is due to changes of the chemical composition of the neutron-star atmosphere during the early cooling phase of the bursts.
We also found a significant difference in the the distribution of the blackbody temperature during the decay of X-ray bursts in 4U 1636-53 in different types of bursts at different flux levels (see also in 't Zand et al. 2009; Bhattacharyya et al. 2010) . At low flux level, the average T bb is higher in hard non-PRE bursts than in PRE and soft non-PRE bursts (Figure 4 ; see also van der Klis et al. 1990 ). In our sample we have ∼ 130 soft non-PRE bursts and ∼ 90 hard non-PRE bursts, but in panel (a) of Figure 4 , non-PRE bursts have more data points than soft non-PRE bursts. (Remember that each point in that Figure represents a measurement every 0.5 s in the cooling phase of the bursts.) This means that hard non-PRE bursts have longer decay times than PRE and soft non-PRE bursts. The difference of T bb and burst decay time can also be explained by different chemical composition of the fuel layer (Galloway et al. 2008) : If PRE and soft non-PRE bursts ignite in a He-rich environment, most of the fuel is burnt in a very short timescale, and therefore these bursts show fast cooling at the decay phase. The hard non-PRE bursts ignite in a H-rich environment. Hydrogen burning proceeds more slowly, because it is limited by the β-decay moderated by the weak force. During the cooling of hard non-PRE bursts, the Hydrogen left in the atmosphere keeps burning. Also, since the hard non-PRE bursts ignite in a H-rich environment, they have larger fc than the PRE and soft non-PRE bursts that ignite in a He-rich environment (Madej et al. 2004; Suleimanov et al. 2010; Güver et al. 2010) , therefore the hard non-PRE bursts show higher average T bb than the PRE and soft non-PRE bursts.
We note that the differences in the distribution of T bb are more significant at low flux levels. These differences can also be due in part to differences in the underlying emission of the neutron star due to continued accretion during the burst. Van Paradijs & Lewin (1986) argued that the net burst spectrum is not a blackbody, and at the end of the burst the T bb of the net burst spectrum is directly related to the neutron-star surface temperature just before the burst. Therefore, differences in the average T bb may reflect differences in the neutron-star surface temperature, depending on the state of the source at the time the burst starts. However, there are significant differences in the distribution of T bb at low flux levels between PRE and soft non-PRE bursts, whereas both types of bursts occur when 4U 1636-53 is in the soft state, and therefore the persistent spectrum before the bursts should be similar. Also, both types of bursts should ignite in a layer with similar chemical composition, which makes it difficult to explain the differences by differences in the pre-burst persistent emission, fc or emission areas.
CONCLUSIONS
We studied the cooling phase of type-I X-ray bursts in the LMXB 4U 1636-53 using all available RXTE data. We divided the bursts in three groups according to their properties and the spectral state of the source at the time the burst started: Photospheric radius expansion (PRE), hard and soft non-PRE bursts, respectively. (Soft non-PRE and PRE bursts occurred in the soft state of the source.) We found that, during the cooling phase of the bursts:
• For all types of bursts, the average bolometric-flux vs. temperature relation, F b −T bb , is significantly different than the F b ∝ T 4 bb relation that would be expected if the apparent emitting area on the neutron star remained constant during the decay of the bursts.
• For all types of bursts, the average F b − T bb relation cannot be described by single power law over the whole flux range.
• The average F b − T bb relation is significantly different for PRE, hard non-PRE and soft non-PRE bursts.
• In line with the previous conclusions, the temperature distribution at different flux levels is significantly different for PRE, hard non-PRE and soft non-PRE bursts.
These results imply that either the emitting area on the neutron-star surface or, most likely, the colour-correction factor changes during the cooling phase of X-ray bursts.
We calculated the colour-correction factor separately for the three types of bursts. Compared to the models of Suleimanov et al. (2010) , the dependence of the colourcorrection factor with luminosity (in Eddington units) is consistent with a scenario in which the main source of fuel in hard non-PRE bursts is hydrogen, whereas for soft non-PRE and PRE bursts the main source of fuel is helium.
Based on the dependence of the colour-correction factor with luminosity at high luminosity, we suggest that at the beginning of the cooling phase of the bursts there is an enhanced metal abundance in the neutron star atmosphere, and that the relative metal abundance decreases as the burst flux decreases.
